termination defects ( Figure 2D ). In contrast, the a/p exAxons not only require cues to navigate to their target tension of the AVG axon is not affected (Figure 2C ), area, but they also require postembryonic mechanisms indicating that egl-15 affects axon outgrowth along the to ensure that they maintain their correct position in ventral midline cell type specifically. Ventral to dorsal fascicles (Hobert and Bü low, 2003). The existence of (v/d) axon extension is also affected in a cell type-spesuch maintenance mechanisms was recently revealed cific manner in egl-15(0) animals. For example, the most through the postembryonic removal of a single ventral anterior commissure of two ventral cord motor neuron classes shows a penetrant outgrowth defect ( Figure 2F ), yet other motor neuron commissures seem unaffected.
rons with the lipophilic dye DiI reveals that some but p/a direction in the ventral cord, show similar premature axon termination defects. Interestingly, the axon outnot all of the axons are unable to grow dorsally around the nerve ring and instead stop short ( Figure 2G ). We growth defects in PVP and PVQ can be subdivided into two aspects: first, an axon extension defect, characterconfirmed this finding with neuron type-specific gfp reporters revealing that the AFD neurons display signifiized by axons being unable to reach their target area, and second, an axon guidance defect, namely a failure cant v/d axon outgrowth defects, while the axons of the ASH neurons appear completely wild-type ( Figure 2G) . of the outgrowing axons to respect the ventral midline barrier, thus leading to midline "crossover" defects (FigAxon extension defects are not limited to the a/p and v/d direction. The ventral cord neuron PVT, which is ure 2E). In this manuscript, we refer to axon outgrowth defects as the combination of axon extension and axon among the first neurons that extend an axon along the ventral cord in the posterior to anterior (p/a) direction guidance defects. The extension and guidance defects can be geneti-(Durbin, 1987), exhibits a severe axon extension defect in egl-15(0) null animals such that the axon prematurely cally separated upon lowering but not completely eliminating egl-15 signaling in the egl-15 hypomorphic allele stalls before reaching the nerve ring ( Figure 2B ). PVQ and PVP tail interneurons, which also send axons in the n1477. These animals reveal axon guidance but not axon Figure 2I ). The penetrance of let-756 mutants is also not enhanced in let-756; egltants ( Figure 2H ). Taken together, our findings demonstrate that egl-15 signaling is required for axon out-17 double mutants, thus ruling out a role for egl-17 in mediating axon outgrowth. We note, however, that the growth at the ventral midline and that different levels of signaling affect different aspects of axon outgrowth penetrance of let-756/fgf mutants or let-756; egl-17 double mutants is lower than the penetrance of egl-15(0) (extension and guidance). The latter notion is consistent with previous observations that differential levels of remutants, which is possibly due to residual maternally supplied let-756/fgf gene activity (see legend to Figure 3B-3D ). In addition, less severe defects that egl-15 signaling in the hypodermis affects specific are observed in HSN motor neurons, while all other exsubaspects of hypodermal function or morphology that amined neuron-specific reporters show no defects (Supare required to extend and guide a subset of axons plemental Table S2 Figure 1B ) to rescue the axon extension defects of n1456 animals. Conversely, constitutively active let-60/ras rescues n1456 axon extension defects. g The single rescuing line may be due to overexpression of the egl-15(5B) form, since independently created egl-15(5B) high copy number transgenes can also rescue axon maintenance defects (not shown). Note that transgenes expressing egl-15(5B) construct #3 show rescue of the outgrowth defects of the null allele n1456, but when crossed into n484 mutants do not rescue the maintenance defects, thus corroborating that levels of egl-15(5B) that are physiologically relevant (rescue of the outgrowth defects) are not capable of fulfilling a maintenance function.
Dash indicates could not be tested due to lethality. n.d. indicates not determined.
135]). These findings indicate that the role of egl-15(5A)
nance defects (Table 1 , construct #1). Cell fate marker and morphological analysis, including electron microin maintaining axon position serves to counteract mechanical stress exerted onto locomoting animals after scopical analysis of egl-15(5A) adult animals, demonstrates that egl-15(5A) does not detectably affect hypohatching. We consider it unlikely that the maintenance defects of egl-15(5A) null mutant animals are explained dermal development ( Figure 3D and data not shown) . Confirming the isoform-specific role of egl-15(5A) in by defects in PVT development or a failure of PVT to express the maintenance factor ZIG-4 (Aurelio et al., axon maintenance, we find that the egl-15(5B) isoform is not capable of rescuing the axon maintenance defects 2002). First, we find that the expression of three terminal PVT cell fate markers (unc-47, pin-2, and srq-1) is unafof egl-15(5A) null mutants (Table 1 , construct #3). This is not due to a failure of the transgene to be appropriately fected in egl-15(n484) animals and PVT axon extension is indistinguishable from wild-type (data not shown).
expressed, because the same egl-15(5B) transgene that fails to rescue the maintenance defect of egl-15(n484) Second, a zig-4 reporter is correctly expressed in egl-15(5A) null mutant animals (not shown).
animals is capable of rescuing the axon outgrowth defects of egl-15(0) mutants (Table 1 , construct #3). The Similar to the requirement for egl-15 in embryonic axon extension and guidance, we find that expression isoform-specific role of egl-15 in axon maintenance is contrasted by an isoform nonspecific role of egl-15 durof egl-15(5A) under control of the hypodermis-specific dpy-7 promoter completely rescues the axon mainteing axon outgrowth; both egl-15(5A) and egl-15(5B) can (Table 1 , constructs #3 and #4). We conclude that during embryonic development, isoform nonspecific egl-15 ond fgf ligand, let-756, already produce developmental defects ( Figure 2I ; Supplemental Table S1 at http://www. signaling ensures correct axon extension and guidance, while postembryonically, egl-15(5A) has an additional, neuron.org/cgi/content/full/42/3/367/DC1), we could not assess the impact of these factors on axon mainteisoform-specific function in maintaining axon position.
nance. We thus engineered a kinase-dead form of the egl-15(5A) isoform by replacing its kinase domain with EGL-15(5A) Acts in a Kinase-Independent Manner the rfp protein and expressed this construct specifically to Affect Axon Maintenance in the hypodermis under control of the dpy-7 promoter. We next asked whether the postembryonic role of eglThis kinase-dead form of egl-15(5A), termed egl-15 15(5A) acts via canonical receptor activation and signal-(5A)kin(-), is not capable of rescuing the lethality and ing. Surprisingly, complete genetic elimination of the axon outgrowth defects of egl-15(0) mutant animals fgf ligand egl-17/fgf, which activates egl-15(5A) in the ( 
Conclusions
To distinguish axon development from maintenance defects, animals were scored as early L1s or L4/adults, as indicated in the text.
We conclude that specific classes of axons in the develFollowing an egg prep, eggs were allowed to hatch and after 4 hr oping nervous system require egl-15 signaling nonauall hatched L1s were scored (early L1s), while L4/adults were scored tonomously for correct outgrowth along defined paths. via let-60/ras in the hypodermis leads to the presentation of specific cell surface or extracellular matrix cues
